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Titanium alloys have been extensively used as orthopedic, dental and plastic 
surgery materials due to their excellent mechanical properties and biochemistry 
properties. However, the titanium alloys cannot be identified by tissue cells when 
implanted into human bodies due to their poor bioactivity. Fabricating a bioactive and 
biocompatible coating on titanium alloy surface by surface modification is important 
to keep the long-term implantation safety and promote the clinging, proliferation, 
differentiation and growth of the tissue cells. 
Based on the previous works, this thesis develops the process of fabricating 
bioactive yet black coatings on titanium alloy using micro-arc oxidation. The surface 
morphologies of the titanium alloys have been changed. The primary purpose of this 
work is to investigate the impacts of the electrolyte and the power parameters of the 
micro-arc oxidation on the surface morphology, composition, phase structure, aperture, 
chromatic value, corrosion resistance, hydrophilic performance and mechanical 
properties of the coatings. Then the secondary surface treatments were applied to 
optimize the performances of the coatings. The major conclusions were outlined as 
follows. 
1. An electrochemical polishing process applied on the titanium alloys has been 
developed. A smooth, bright and clean surface the alloys can be fabricated by 
electrochemical polishing. The solution used for electrochemical polishing consists of 
perchloric acid, glacial acetic acid and other additives. The working voltage and time 
of the room temperature polishing are 10–30 V and 45–70 s, respectively. 
2. The single factor and orthogonal test was employed to investigate the 
influences of adding phosphate and colorant on chromatic value, surface morphology, 
pore sizes and density of the coatings. The electrolyte of the micro-arc oxidation 
consists of sodium citrate, sodium dihydrogen phosphate, sodium hexametaphosphate, 
















3. In the above electrolyte system, the influences of voltage, pulse frequency, 
duty ratio and oxidation time to chromatic value, surface morphology, pore sizes, pore 
density and hydrophilic performance of the coatings were investigated. Increasing the 
voltage produces improvements in the blackness and pore sizes of the coating. 
Correspondingly, the numbers of the pores decrease, resulting in the decrease of the 
coating performance. Additionally, the pore sizes of the coatings increase slightly as 
the pulse frequency increases. With the increase of the duty ratio, the pore sizes of the 
coatings increase slightly as well. Increasing the oxidation time produces 
improvements in the blackness of the coating and the energy consumption. However, 
both the size and density of the pores change slightly. The optimum fabrication 
process has been determined eventually. 
4. Secondary surface treatments were applied to optimize the performances of 
the coatings by the micro-arc oxidation. Then sand blasting was employed to modify 
the as-prepared coatings. Consequently, bioactive yet black coatings with higher 
stability and safety were fabricated. 
5. The coating performances were characterized by SEM, EDS, XRD, Raman 
scattering, contact angle measuring, bending and electrochemistry tests. The 
difference in the performances of the coatings with and without applying the sand 
blasting has been discussed. Based on the above results, it was concluded that the 
bioactive yet black coatings offer a favorable condition for clinging, proliferation, 
differentiation and growth of the tissue cells. 
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